Traditionally, the management of manure nutrients has focused primarily on the production, collection, storage, and field application of manure. By contrast, a total systems approach expands this focus to include concerns about human and animal health, odor and fly control, nutrient import and handling, ration balancing and feeding management to optimize dietary nutrient utilization, management of crop harvest and storage to maximize feed palatability and nutrient digestibility, manure processing for export, farm economics of nutrient management, and the broader economic impacts of environmental regulation and enforcement.
INTRODUCTION
The future of the dairy industry holds several certainties: larger farms, increased complexity, more regulation, and less public acceptance of real or perceived damage to the environment. Society is becoming increasingly less tolerant of activities that have negative environmental impacts. No longer will producers be permitted to avoid environmental protection costs in order to reduce production costs. At the same time, economic pressure will continually push farms to higher efficiency and greater cost control. These pressures are forcing a major review of dairy producer attitudes and practices regarding nutrient management.
DISCUSSION
Three basic functions of dairy operations are to import nutrients (e.g., feed, bedding, and fertilizer), transform nutrients into exportable products, and export nutrients (e.g., milk, meat, replacement stock, and compost) to generate a sustainable economic return. In a dairy farming system, numerous nutrient flows and transformations occur ( Figure 1 ). Any point in the system that is not well managed represents potential loss of efficiency to the system; that is, human, physical, or financial capital has been invested in a nutrient purchase, flow, or transformation without a suitable return. When nutrients escape a flow or transformation to an exportable product, they accumulate on the farm or escape into the environment. In either case, these nutrients represent a potential loss to the operation because these nutrients required an investment but cannot be exported for maximum financial return. No system can realize 100% efficiency, and the law of diminishing returns is evident as systems approach higher efficiency. In essence, as farmers attempt to reach maximum efficiency by controlling nutrient flows and transformations within a dairy system, the system becomes more costly. Nevertheless, when the system creates environmental costs, producers are sometimes forced to take corrective action, regardless of economic costs to the farm.
Traditionally, on-farm management of nutrients has focused on the production, collection, storage, and field application of manure. In a total systems approach, this focus must be expanded to include concerns about human and animal health, odor and fly control, all aspects of nutrient import and handling, ration balancing and feeding management to optimize dietary nutrient utilization, crop fertilization rates and timing, crop harvest and storage management to maximize feed palatability and nutrient digestibility, manure processing for export, farm level economics of nutrient management practices, and broader economic impacts of environmental regulation and enforcement. State and local health departments, as well as the public, are becoming increasingly concerned that concentrating increasing cow numbers on shrinking land bases may have implications for human health. A series of articles in the November 20, 1996 Seattle Post-Intelligencer highlights the public concern over manure and its link to nitrate and Escherichia coli O157:H7 contamination in the environment. Comments regarding nitrate levels and pathogens made by Whatcom County Washington health officials (Paul Chudek, 1996, personal communication) also raise human health concerns. According to newspaper articles in Florida, people turn out in large numbers at public hearings to express concern over new dairies moving into the area. This concern was demonstrated in Wisconsin by the quick indictment the dairy industry received from the news media relative to the Cryptosporidium parvum outbreak in Milwaukee. This anxiety is also demonstrated by the level of concern over manure pathogens in the watershed for the water supply of New York City (10) .
Nitrate level in drinking water is another stated health concern. Excessive nitrogen application to fields is a waste of resources and a potential environmental threat. A survey of farm operations in Minnesota showed that farmers who raise both corn and livestock typically overfertilize corn crops with nitrogen ( 7 ) . Traditionally, relatively cheap fertilizer prices and a failure to credit manure nutrients toward fertilizer needs combine to create this situation ( 5 ) .
In addition to concerns about public health, nutrient management is a herd health issue for producers as well. Herd health interests center around the impact of high potassium concentrations in grass harvested from fields to which large amounts of manure have been applied. High potassium rations during the dry period create health problems in early lactation, and high potassium during lactation increases urine output and may impair kidney function (3, 6) . Higher urine volume is associated with an energy cost to the cow and adds to the expense of manure handling.
Odor and fly control relative to manure management is another growing concern; anyone living or working in a dairy community is well aware of this. Calls to extension offices in western Washington com-Journal of Dairy Science Vol. 80, No. 10, 1997 plaining about flies or dairy odors have increased in recent years. The growing concern over agricultural nuisances has been the catalyst for several national conferences in recent years.
Ration balancing and feeding management to improve manure handling and nutrient balance is attracting increased research and extension interest (1,  2, 3, 9, 11, 12, 13) . However, more work is needed in the areas of protein to carbohydrate ratios, RDP to RUP ratios, supplementation of limiting amino acids, and the potential for reducing excess ration amino acids. One objective of future research must be to optimize the balance between milk production and nutrient excretion. Dairy farm surveys in New York ( 4 ) show that feed imports represent 62 to 86% of the total nitrogen input of a farm and that 64 to 76% of this nitrogen remains on the farm in initial manure excretions. Similarly, feed represented 45 to 80% of total phosphorus inputs, and 68 to 81% of the total phosphorus input remains on the farm. For potassium, 16 to 62% of inputs came from feed, and 67 to 89% of the potassium inputs remained on the farm. These wide ranges suggest that considerable progress may be made toward reducing nutrient concentrations on dairy farms through closer attention to ration balancing and feeding management.
Performance expectations for farm nutrient transformations and flows that will protect the environment will very likely be set by society ( 5 ) . If producers invest in nutrients in order to transform them into salable products, then producers should be interested in making the transformation process as efficient as possible. When nutrients are transferred to waste products or escape desired nutrient flow channels, they cannot be exported for the highest possible economic return. In some cases, these nutrients become environmental liabilities and are not exported for any economic return. Introducing total quality management concepts will aid in identifying leakage points in the system and in bringing nutrients under management control. Important aspects may include protecting feed from weather damage and spoilage, minimizing losses through handling of feed and manure nutrients, taking care in feed mixing and delivery to the cow, designing feed bunks to minimize waste, managing feeding to minimize orts, producing or buying high quality feed to maximize palatability, managing the timing of crop harvest to maximize palatability and nutrient digestibility, and managing feed storage to minimize spoilage and shrink.
Alternatives and opportunities for producers to export manure nutrients in addition to nutrients in milk, meat, and feeds will be critical as herds outgrow their land base. The exportation of manure and waste nutrients can present economic challenges because of the processing and marketing costs involved. In some cases, the challenge of marketing and consumer acceptance may also exist. Manure or compost sales to neighboring farms, nurseries, landscapers, and gardeners is common and currently the most acceptable alternative channel for nutrient export.
In attempts to protect the environment, federal, state, and local legislators and regulators are forcing increased restrictions and requirements on dairy operations. Some producers will go out of business because they cannot afford these changes or choose not to make them. Agricultural economists are needed to help determine how these restrictions and requirements can be implemented, in an economically sustainable manner, within the structure of the dairy industry. In a broader context, legislators and community leaders need help to identify the costs to a community when a large segment of the dairy industry is lost. When an estimated 14,739 cows left Okeechobee County, Florida, Mulkey and Clouser ( 8 ) estimated the loss to the county economy of between $47.6 million and $54.3 million in sales, between 465 and 531 full-time equivalent jobs, and between $9.0 million and $10.2 million in earnings. The dairy industry is very important to the economy of some communities and too often is undervalued by politicians and community leaders, yet the political decisions made by these individuals can have far reaching economic impacts.
CONCLUSIONS
Both internal and external forces are having major impacts on how dairy producers handle manure. The focus of future management of manure and manure nutrients must be on optimizing the flow and utilization of nutrients at every point within the total dairy farming system. A total systems approach to nutrient management is vital to the future of the dairy industry. This approach requires the involvement of a broad spectrum of scientific expertise, including multidisciplinary teams involving agronomists, dairy scientists, economists, engineers, microbiologists, soil scientists, veterinarians, and regulators to deal successfully with the complexity of dairy nutrient management issues.
